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Reflectarray antennas combine some of the best features between parabolic reflector 
and phased array antennas, but their application in satellite and terrestrial systems is 
limited due to high reflection loss performance and limited phase ranges. In this paper 
an X-band reflectarray patch element constructed on 1mm thick anisotropic liquid  
crystal substrate is proposed to be employed as  a dynamic phase control strategy for 
terrestrial systems. Reflect ion loss and tunability characteristics of dipole and 
rectangular patch elements, printed on different anisotropic liquid crystal substrates 
have been investigated by using CST computer model. A detailed analysis of static and 
dynamic phase ranges with respect to dielectric anisotropy is presented for different  
anisotropic liquid crystal substrate materials. The preliminary simulated results 
demonstrate that dipole patch element contributes highest reflection loss performance 
of 33.51dB compared to rectangular patch element which offers maximum reflection  
loss of 10.74dB, by using K-15 nematic liquid crystal as dielectric substrate. The 
numerical Finite Integral Method analysis shows that dipole patch element printed 
above novel LC mixture offers maximum static and dynamic phase ranges of 210° and 
290° respectively, compared to rectangular patch element which offers maximum static 
and dynamic phase ranges of 182° and 230° respectively. The dielectric an isotropic 
properties of liquid crystal materials presented in this work are shown to significantly  
affect the reflection loss and phase range performance of reflectarray antennas for rapid  
dynamic phase change which was required particularly for s atellite and terrestrial 
systems. 
Keywords: Reflectarray, terrestrial systems, patch element, dielectric anisotropy, liquid 
crystal, tunability, dynamic phase range, Fin ite Integral Method. 
1. INTRODUCTION 
Reflectarray antenna consists of printed resonant elements on a flat surface and an 
illuminating feed antenna. Reflectarray antenna has been acknowledged as a potential 
alternative to the traditionally used high gain antennas such as parabolic reflectors or 
phased arrays [1]. The unique features of reflectarray antenna such as light weight ease 
of deployability and less cost have been reported to be used for radar beam scanning 
systems, mobile communications and satellite communications [2]. Apart from these 
advantages however the bandwidth and the loss performance of reflectarrays are 
considered as the main performance limitations. The narrow bandwidth is mainly due 
to the differential spatial phase delays [3]. One of the techniques that have been used to 
reduce these limitations is the selection of a proper dielectric substrate [4]. 
Table 1.  Anisotropic Liquid Crystal Substrate Materials . 
2. REFLECTARRAY DESIGN 
Various types of anisotropic liquid crystal substrate materials, listed in Table 1, are 
used to design different types of X-band reflectarray patch elements such as dipole and 
rectangular, constructed on 1mm thick anisotropic substrate resonating at 10 GHz. The 
numerical Finite Integral Method (FIM) has been used to investigate the reflection loss 
and tunability characteristics of dipole and rectangular patch elements by using 
commercially available CST computer model.  
3. SIMULATED RESULTS, DISCUSSION AND COMPARISON 
3.1 Reflection Loss 
Anisotropic materials have a range of dielectric permittivity values. The minimum and 
maximum dielectric permittivity values are considered here for each material, therefore 
each material holds two different values for reflection loss operating at 10 GHz. The 
reflectivity performance of reflectarray antenna with dipole and rectangular patches is 
shown in Fig. 1. It has been shown from Fig. 1 that dipole element contributes almost 3 
times higher losses as compared to the rectangular element, as discussed in [7]. Table 2 
summarizes the maximum (for ε┴) reflection loss values for dipole and rectangular 
elements respectively. As depicted in Table 2, it has been observed that dipole element 
offers highest reflection loss performance of 33.51 dB compared to rectangular element 
which offers maximum reflection loss of 10.74 dB, by using K-15 nematic liquid 
crystal as dielectric substrate. 
 
 
 
 
 
 
 
 
 
 
Fig. 1.   Maximum reflection loss curves of dipole and rectangular elements  
Anisotropic Materials ε┴ ε║ 
Dielectric Anisotropy  
(Δ r = r║ - r ) 
tanδ  tanδ║ 
Merck - BL006 2.2 2.38 0.18 0.056 0.036 
Merck - BL037 2.25 2.45 0.2 0.048 0.025 
K15 Nemat ic 2.1 2.27 0.17 0.072 0.06 
LC-B1 2.6 3.05 0.45 0.022 0.007 
LC Mixture  [5] 2.39 3.18 0.79 0.0061 0.0016 
Novel LC Mixture [6] 2.5 3.4 0.9 0.01 0.0035 
Dipole Element Rectangular Element 
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Table 2.  Maximum reflection loss comparison of dipole and rectangular elements . 
3.2 Static and Dynamic Phase Ranges 
The reflection phases of dipole and rectangular elements for some anisotropic liquid 
crystal materials are shown in Fig. 2. As depicted in Fig. 2 it has been observed that 
dipole element offers steeper phase curves as compared to the rectangular element, it 
shows that dipole element offers wider static phase ranges as compared to rectangular 
element. Table 3 and Table 4 summarize the static phase ranges of dipole and 
rectangular elements for ε┴ and ε║ respectively. From Table 3 and Table 4 it has been 
observed that Novel LC mixture contributes wider static phase ranges of 210° and 182° 
for dipole and rectangular elements respectively. 
 
Dielectric permittivity of anisotropic materials can be changed by simply applying a dc 
voltage across the substrate as described in [8]. Dielectric anisotropic materials cover a 
range of dielectric permittivity values so the possibility of realizing a variation in the 
phase distribution has been further investigated based on dynamic phase range. 
Therefore by changing the value of dielectric permittivity of anisotropic materials a 
wider phase range is achievable, this phase called dynamic phase and can be expressed 
as 
Δ  = ( r║) - ( r )                                             (1) 
The dynamic phase range of materials is a measure of dielectric anisotropy. The 
maximum phase variations of the reflected signal occur at frequencies close to 
resonance, as shown in Fig. 2. 
 
Table 3.  Static phase ranges for dipole and rectangular elements at r   
Anisotropic 
Materials 
Dielectric 
Anisotropy 
Phase at r  (°) 
(Dipole) (A)  
Phase at r  (°) 
(Rectangular) 
(B) 
Difference (°) 
(A-B) 
K15 Nemat ic 0.17 142 125 17 
BL006 0.18 140 137 3 
BL037 0.2 132 130 2 
LC-B1 0.45 174 150 24 
LC Mixture  0.79 167 150 17 
 Novel LC Mixture 0.9 180 162 18 
Anisotropic 
Materials 
Dielectric 
Anisotropy 
Reflection loss 
(dB) at  ε┴ (Dipole) 
(A) 
Reflection loss (dB) 
at ε┴ (Rectangular) 
(B) 
Difference 
(dB) 
(A-B) 
K15 Nemat ic 0.17 33.51 10.74 22.77 
BL006 0.18 25.49 8.30 17.19 
BL037 0.2 18.52 7.11 11.41 
LC-B1 0.45 7.19 3.54 3.65 
LC Mixture  0.79 1.8 0.89 0.91 
Novel LC Mixture  0.9 3.06 1.51 1.55 
Table 4.  Static phase ranges for dipole and rectangular elements at r║ 
Anisotropic 
Materials 
Dielectric 
Anisotropy 
Phase at r║ 
(°) (Dipole) 
(A) 
Phase at r║ (°) 
(Rectangular) 
(B) 
Difference (°) 
(A-B) 
K15 Nemat ic 0.17 155 145 10 
BL006 0.18 170 158 12 
BL037 0.2 184 150 34 
LC-B1 0.45 200 166 34 
LC Mixture  0.79 205 160 45 
 Novel LC Mixture  0.9 210 182 8 
 
Fig. 2.   Reflect ion phase curves and dynamic phase ranges of dipole and rectangular elements 
 
Fig. 2 shows the dynamic phase ranges for dipole and rectangular patches printed on 
different anisotropic liquid crystal materials. Table 5 contains the values of dynamic 
phase ranges for both dipole and rectangular elements, which shows that novel LC 
mixture offers maximum dynamic phase ranges of 290° and 230° for dipole and 
rectangular elements respectively. By noticing Fig. 2 and Table 5 it has been observed 
that dipole element attains wider dynamic phase ranges as compared to rectangular 
element. This is because the patch elements having less reflecting area contribute 
steeper phases as compared to those, having larger reflecting area as discussed in [7] 
and [9], for that reason dipole element is feasible to use for the systems where wider 
phase angles are required for scanning purposes and rectangular element is feasible to 
apply for the systems where larger frequency tunability is required. 
 
Table 5.  Dynamic phase ranges for dipole and rectangular elements 
Anisotropic 
materials 
Dielectric 
anisotropy 
Dynamic Phase 
Range(°) (Dipole) 
(A) 
Dynamic Phase 
Range(°) 
(Rectangular) (B) 
Difference (°) 
(A-B) 
K15 Nemat ic 0.17 195 90 105 
BL006 0.18 167 85 82 
BL037 0.2 160 90 70 
LC-B1 0.45 240 160 80 
LC Mixture  0.79 280 222 58 
Novel LC 
Mixture  0.9 290 230 60 
Dipole Element 
Dipole Element Rectangular Element 
Δ  Range Δ  Range 
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3.3 Behavior of Dynamic Phase Range and Reflection Loss over Dielectric 
Anisotropy 
The summary of the relationship between dynamic phase change and reflection loss 
over dielectric anisotropy is shown in Fig. 3. As depicted in Fig. 3 demonstrates that as 
dielectric anisotropy increases from 0.17 to 0.9 the dynamic phase range also increases 
from 195° to 290° and 85° to 230° for dipole and rectangular elements respectively. 
Where as when dielectric anisotropy increases from 0.17 to 0.79 the reflection loss 
decreases from 33.51 to 1.8 dB and 10.74 to 0.89 dB for dipole and rectangular 
elements respectively. Further more it is clear from Fig. 3 that low loss anisotropic 
materials offer wider dynamic phase ranges compared to high loss materials which 
offer narrower dynamic phase ranges. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.   Effect of dielectric anisotropy over dynamic phase range and reflection loss 
 
4. CONCLUSION 
The results obtained from Finite Integral Method analysis, demonstrate that the losses 
in the dielectric substrate of the reflectarray can be optimized by the selection of a 
proper dielectric material. A suitably selected material can also increase the phase 
range performance of reflectarray that is required to realize a progressive phase 
distribution. Further more different types of resonating patch elements such as dipole 
and rectangular can also enhance the performance of reflectarray antenna in terms of 
lower reflection losses and wider dynamic phase ranges. Dielectric anisotropic 
materials are shown to offer rapid dynamic phase change behavior for designing a 
tunable reflectarray antenna particularly for satellite and radar systems. Moreover it has 
also been shown that different material properties including dielectric anisotropy along 
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with different resonating elements are shown to be an important factor to achieve an 
enhanced phase characteristics. 
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